Abstract: National studies have shown that both gross and net effects of the expansion of energy from renewable sources on employment are positive for Germany. These modeling approaches also revealed that this holds true for both present and future perspectives under certain assumptions on the development of exports, fossil fuel prices and national politics. Yet how are employment effects distributed within Germany? What components contribute to growth impacts on a regional level? To answer these questions (new) methods of regionalization were explored and developed for the example "wind energy onshore" for Germany's federal states. The main goal was to develop a methodology which is applicable to all renewable energy technologies in future research. For the quantification and projection, it was necessary to distinguish between jobs generated by domestic investments and exports on the one hand, and jobs for operation and maintenance of existing plants on the other hand. Further, direct and indirect employment is analyzed. The results show, that gross employment is particularly high in the northwestern regions of Germany. However, especially the indirect effects are spread out over the whole country. Regions in the south not only profit from the delivery of specific components, but also from other industry and service inputs.
Introduction
Since the year 2006 employment generated by the production of facilities for the use of renewable energy (RE) sources and their operation and maintenance has been the subject of several research projects hosted by the German Federal Ministry for the Environment, Nature Conservation and Nuclear Safety [1] [2] [3] [4] . The body of literature from these research projects looks at gross employment comprising the jobs generated from increased production in the RE-industries and from operation and maintenance (O'Sullivan et al. (2011) for an ex-post analysis [5] , Lehr et al. (2011) for future projections [3] ), as well as overall net employment in the economy including negative budget and substitution effects. It shows that also the latter effects are positive. Staiß et al. [1] compare a scenario with a more rapid expansion of renewable energy use to a business as usual scenario; Kratzat et al. [2] and Lehr et al. [3] compare the German Lead Scenario with a Zero-RE-scenario. All studies exhibit positive net effects from these comparisons (cf. also Blazejczak et al. [6] ). Lehr et al. [3] project up to 600,000 jobs in the renewable energy industry by 2030. These and other related studies show how political measures and national programs influence recent and future developments. However, programs regarding environmental, climate-protective and energy policies are established not only on a national level. In Germany all 16 federal states ("Bundesländer") have their own agendas and programs, which refer to aims for the expansion of RE-use [7] . Remarkably many of these regional programs not only imply commitments to national goals but to further efforts for more sustainability. They also associate goals for a cleaner energy supply with goals and revenues in terms of regional added value, innovation potentials and new jobs. Consequently the studies on regional employment effects generated by future developments in renewables are of special interest for regional energy and economic policies. But how many jobs are related to the expansion of a certain RE-technology in a region today? What industries are involved and how high is the local content of inputs for the production, construction and maintenance of installations? To answer these questions (new) methods of regionalization were explored and developed for the example "wind energy onshore" for Germany's federal states.
Unfortunately the "wind industry", as for all other RE-technologies, is not the subject of official statistics. Its activities are spread over many different sectors and branches (e.g., machinery, metal products). In addition, talking about gross employment effects means to account not only for the (direct) employment within the sector, but also for the indirect effects induced by the intermediate demand. Therefore, the nationwide approximation of regional employment effects combines the well-founded and established results from the national study [3] with a new regional approach, which takes into account spatial information on production and installation in a regional economic model. Based on this methodology further links to future projection can be elaborated for the regions.
This contribution reports from a pilot modeling exercise for one RE-technology. The following definitions and delimitations have to be taken into consideration:  "Wind energy onshore" is one of the most important RE-technologies regarding employment impacts in Germany. Another motivation for the focus on this energy source in the pilot study is that the availability of surveys for the wind industry and related energy plants is quite good in comparison to other RE-technologies. Both "wind energy offshore" and all other technologies for the use of renewable energy sources were excluded for the following regional study.

The value chain analyzed starts with the intermediate inputs for the production of wind turbines including all components, followed by the production and installation of the facility. It includes the process of energy production, which involves all activities related to the operation and maintenance of the facility. For this operation phase also intermediate inputs are taken into consideration. The value chain does not include the inputs for the construction of production facilities for wind turbines (equipment).
This paper concentrates on the status-quo of regional employment, but also shows some results of a projection up to the year 2030. These results do not represent forecasts and should not be over-interpreted as a political agenda for the federal states. Moreover, they are intended to give input to discussions both about the modeling approach and future impact factors and the regional distribution of RE-jobs.
After presenting the general approach of the regional model, the methodology for the assessment of both direct and indirect employment is described in the following section. In Section 3, the results for the year 2009 are presented in a similar arrangement. Section 4 summarizes main findings about possible future developments. In the end we conclude with a summary and an outlook. Both the methodology and the results of this study are documented in detail in a previous report [8] .
Approach to Estimate Direct and Indirect Employment in the Wind Onshore Sector
The starting point of the analysis is an already established dataset with national values. These are derived from a recent study, which used both a large survey database and an economic model [3] . The survey of 1200 companies in the renewables sector in Germany was performed in 2008. The economic model used in the national study not only enables analyses of gross and net effects on employment, but also performs future projections. PANTA RHEI is a version of the macroeconometric simulation and prognosis model INFORGE developed by GWS mbH, which has been expanded to include an analysis of environmental economic issues [9] . National gross employment in the wind energy sector amounted to 102,100 persons in 2009. Of those, 95,560 jobs are related to onshore technology. For the regional analysis, this total has to be broken down into several components, as the localization method varies with every effect-component. We distinguish employment generated by manufacturing on the one side and by operation and maintenance on the other hand. Further, we divide direct effects created by the production and use of facilities and indirect employment effects through manufacturers' and operators' intermediate demand. Indirect employment can be generated by suppliers for wind energy firms (first-round effect) or suppliers beyond the first stage of the value chain (further multipliers through intermediate demand). Table 1 gives an overview of the employment by component of effect and assigns the localization method, which was used to generate values for the 16 federal states in Germany.
On the one hand, the presented regionalization can be called a top-down approach, with the intention to identify regional shares of employment. On the other hand, indirect effects have to be generated in regional allocation models, which transfer macroeconomic relationships to the regional level. For all steps towards a regional analysis large regional and national datasets have to be used in the methodological framework. 
Regional Direct Employment Today
Official statistics' classifications do not include industries or products directly related to "wind turbine production". A representative survey, including companies which generate the major part of their turnover with wind energy, is compulsory for a well-founded estimation. As the "big players" in wind industry and component suppliers are concentrated within Germany, survey data can only be significant if all these companies are included. Furthermore, only one or two years of development can lead to significant changes in distribution.
That is why the localization of directly employed persons in the manufacturing process of wind turbines is based on three major data sources: (1) The results of the above mentioned survey of companies in the renewables sector in Germany; (2) the results of existing case studies about employment in the federal states; and (3) indicators of a national study, which compares the states concerning factors of success for the use of renewable energy resources ("Bundesländer-Vergleichsstudie" [7] ). These information sources were combined, as none of them offer a complete and consistent framework to derive the regional distribution of employment generated by manufacturing wind turbines and its major components. The localization of directly employed persons in the process of operating and maintaining wind energy facilities is based on information about capacity installations within Germany. The method is based on the assumption that the regional share of direct employment is larger the more capacities are installed in the region. Furthermore, the share is, with minor relevance, linked to the locations of the producers of wind power systems (Enercon, Vestas, etc.). Table 2 shows two indicators of regional direct employment in an aggregated form.
Regional Indirect Employment Today
Contrary to direct employment, indirect employment is too complex to assess in surveys. Furthermore, indirect employment generated by the expansion of wind energy is not only a function of regional direct employment. This is due to the fact that inputs for production are not only delivered from that region. The localization of indirect effects must take into account both an input-ouput analysis, as well as a regional allocation and interaction model. For this reason, simple top-down approaches are not accurate for the purpose. Every region profits from manufacturing, operating and maintaining activities in their own region. However, others regions also do, as a certain share of input is delivered from other regions. For this purpose a multi-regional model based on 16 input-output tables and all regional trade shares would be the optimal solution. As in many other regional studies, regional data limitations lead to alternative approaches [10, 11] .
One major part of estimating regional indirect effects is input-output analysis. Following the methodology of the national study, first the demand for specialized input is calculated by using an input-vector, which represents the cost-structure of the given RE-technology [12] . The result is a demand-vector representing the "First round effect". The major primary inputs for the wind industry technology at this stage are electrical apparatus, fabricated metals and machinery. This demand then is used to calculate the demand for general inputs by using the national input-output table ("Further multipliers"). In between and after these steps the regional reallocation model is implemented (see Figure 1 ). 
Regional indirect production
Allocation matrices for general inputs
Regional indirect employment
The allocation model is based on different assumptions, as regional input-output tables are not available and interregional linkages cannot be derived from official data. Nevertheless, there are several determinants, which are combined to build the model. These are: The first central parameters in the allocation model are the intraregional shares of inputs for the regional production, which also are referred to as domestic shares (in a regional context). These domestic shares must be calculated for all sectors and regions. The algorithm used estimates these domestic input-shares (DIS) by using the national domestic input-share (ndis) as a maximum and distributing regional values according to the regions' shares of the national sector production (rps). The ndis-values are calculated by using the Germany's Input-Output-Tables.
The values for the regional DIS are calculated by sectors i = 1, …, 19 (12) and regions j = 1, …, 16. The parameter b determinates the distribution of the DIS below ndis. The higher the regional share (rps) the lower is the difference to the maximum. This approach was proposed in [13] . The authors provide an overview of domestic shares used in several regional studies and derive sectoral values for 97 Regions in Germany. The parameters b i used for the 16 federal states are set to approximately match corresponding values for each sector in the literature [13] [14] [15] . They range from −1.0 to −1.6. For operation and maintenance the ndis-values and b-parameters are set to absolute higher values, as we assume that these demands have a more local impact. The regional shares of sectoral production are estimated by using employment data. They are mean-standardized to form the rps-values.
Given the cost structure of the technology (manufacturing of wind turbines), the sectoral domestic input shares can be weighted to form an indicator of the extent to which a region is involved in regional wind energy use. It also can be called the local content of goods and services delivered for the production of wind turbines, as well as their installation and use in a region. In Figure 2 , the weighted DIS-values are shown in a graph, in which the states are sorted by their GDP. Displayed is the overall DIS for the First-round effect according to the model results (see Section 3.2). It shows the extent to which possible demand "stays" within the regions. But the order of the states also shows how the regional economies correspond to the structure of preliminary inputs for wind energy use. The DIS-values decline with decreasing GDP. Some states show larger intraregional shares than one would expect according to their GDP-weight. In manufacturing, most of the territorial states would get higher ranks according to the intraregional share. City-states would have lower ranks compared to their GDP-range, as their market share in manufacturing products is lower. This disadvantage is not significant for inputs needed for the operation phase, because the input-vector shows a need for corporate services which is much higher compared to that of manufacturing. In this case a few eastern states have lower shares than according to their GDP. This analysis shows that not only the regions' economic weight but also the economic structure have a strong impact on the local content of producing and operating wind mills. These influencing factors even gain in importance in the next step, the interregional linkages in input delivery. The higher the production in region k (rp) the higher is the gravitation value. With increasing distance D (km) between region j and region k, GV gets lower, while β is a parameter to determine the influence of distance. They were set to the ndis-Parameter (see Formula 1) . Over all regions k, the delivery shares sum up to 1-DIS ij to build an allocation matrix. They are calculated for each sector. Table 3 shows the procedure of a fictitious example with three regions. Table 3 (a) shows the distances between the regions A, B and C as well as the regional production. The domestic input-shares are calculated in Table ( b) using the mean-standardized production shares (Formula 1). In Table (c) the distance values according to Formula 2 are calculated. The domestic input shares are implemented in the diagonal of the allocation matrix in Table (c). The transformed distance values are fitted in to define the deliveries from each region to another.
The allocation model was defined separately for manufacturing as well as operation and maintenance. The gravitation values were assumed to be more neighborhood-based in the case of operation and maintenance. The regional shares and production were estimated by using employment data. In the end 43 allocation matrices were calculated: 19 for manufacturing and 12 for operation/maintenance for first-round effects, as well as 12 for further multipliers. The number of sectors for the allocation model (starting with 59 in the national model) was defined according to the diversification of inputs of the specific input-output structure. As a result the regional outcome of indirect effects is highly dependent on regional economic structures and locations. The net effect in a regional context is the balance of in-and outflow of regional demand for preliminary inputs.
To classify the approach concerning input-output analysis, it is important to know that only intermediate linkages are subject of the model. Inaccuracies therefore predominantly occur concerning the origin of the intermediate inputs needed for regional production. The share of (international) export and import of preliminary inputs in relation to total input needed is assumed to be the same in every region. Thus one of the actual methodological challenges is related to the unknown intraregional share of domestic input delivery, which is of major importance in a regional input-output approach [10, 11] . The second task is the provision of information about the origin of interregional deliveries.
Gross Employment Effect of Onshore Wind Energy Technology in Germany 2009 by Regions
In the following, we show the results of direct employment and indirect employment in the wind energy sector in the year 2009.
Direct Employment in 2009
The results show that direct employment of wind energy is rather concentrated in northern Germany. For both manufacturing and operation employment is highest in Lower Saxony with over 13,000 persons. This represents over 0.4% of the total employment in this region. The relative weight is even higher in Saxony-Anhalt (0.6%), where over 5,600 persons are directly employed in the sector. The least relevance of wind energy (onshore) for direct employment can be observed in the Southwest, even though these states contribute a large absolute number of employees to Germany's total employment. Obviously, the impact of wind energy expansion is highest in the Northwest and the Middle of Eastern Germany. This distribution originally is related to the favorable natural conditions for the use of wind energy. Only in the city-states and Mecklenburg-Vorpommern, the direct effect is lower in absolute and relative terms. 
Indirect Employment in 2009
The regional distribution of indirect employment is different to the one for direct employment. Large (territorial) states with a substantial share of national manufacturing can benefit from preliminary inputs to wind energy manufacturing and operating. In some federal states with a low share of direct effects, the sum of indirect employment is higher than in those with a high share of direct effects. In comparison to total regional employment, the values are highest in Lower Saxony and Saxony-Anhalt. Approximately every 300th employee is attributed to indirect effects derived from the wind industry in these regions. In contrast to the total amounts, the relative employment in Baden-Württemberg, Bavaria and North Rhine-Westphalia is slightly below average (0.15%).
The regions with the highest indirect employment in manufacturing are North Rhine-Westphalia, Lower Saxony, Bavaria and Baden-Württemberg (66%). Substantially lower values are located in Hesse, Saxony-Anhalt, Saxony and Rhineland-Palatinate. But they still sum up to more than 20% of the 42,940 employees in manufacturing. The regional distribution of employment for operation and maintenance also changes, if one compares indirect and direct effects. The highest indirect employment can be found in Lower Saxony, North Rhine-Westphalia and Schleswig-Holstein. Approximately half of the 12,510 employees in Germany are concentrated in these regions. Despite the low prevalence of installations in the south of Germany, Bavaria and Baden-Württemberg hold the fourth and fifth rank in indirect employment. Over 1400 employees can be assigned to Saxony-Anhalt and Brandenburg. While those two states are also characterized as having large shares of the total capacity, Hesse additionally can profit from the interregional demand.
Demand created by indirect effects of wind energy expansion is subject to a strong recirculation between regions. Figure 4 shows the dominating directions of reallocation on an aggregated level of four major regions. They show both indirect employment in the areas and how it is composed of intra-and interregional flows according to the model. The map shows that deliveries from the West to the North are especially meaningful. Twenty four percent of indirect employment in the West is connected with these flows, i.e. 4100 jobs in total. Approximately 9% of gross employment in the North is due to deliveries to the East. These are 1,400 employees. Despite the long distance 20% of gross employment in the South is connected to deliveries to the North (around 2,600 employees of 13,240 in total). It becomes apparent that, especially the West, but also the South, benefit from preliminary input delivery to the other areas. Around 45% of the total indirect employment is generated in the North and East, but predominantly for supply to their own areas (around 76%). In the West and the South only 50% are connected to intraregional supplies. 
Summary
On average every 370th employee in Germany is related to the expanded use of wind energy and facility exports. This complies with 2.7 wind-energy employees (direct and indirect) per 1000 employees in total. The results are shown in Table 4 and Figure 5 . Summing up, the regional distribution of gross employment in wind energy onshore is dominated by a north-south-divide. However, there are spatial patterns which overlap this basic statement corresponding to the natural conditions. On the one hand states like Saxony-Anhalt and Brandenburg clearly can participate in the development of the wind industry. This is apparent especially concerning the relative importance in the regions. On the other hand, the analysis shows that the states North-Rhine Westphalia, Baden-Württemberg and Bavaria only have low relative importance, though over 34% of direct and indirect employment is located in this part of Germany. The economic participation of these regions on the one hand is due to the needed supply of specialized components for the wind industry; but it also is a result of the regions' high competitiveness in providing equipment and inputs. North-Rhine Westphalia especially can profit from the low distances to the wind industry in the North, but also from specialization in metal products. Also other regions show a remarkably high influence of indirect employment, such as Hesse, Rhineland Palatinate, Saxony and Thuringia. 
Outlook on Future Perspectives of Employment
Our last topic addresses the future perspectives of employment impacts of wind energy onshore from a regional perspective. The recent national study shows, that there is not only one reasonable development of RE-technologies in Germany. Subject to the price of fossil energy, the national capacity building in RE-technologies, according to governmental scenarios and the export shares of the German wind energy technologies, amount to some 24 scenarios, which represent both likely or rather unlikely future developments but elucidate a possible range. For clarity, we selected one of these 24 scenarios as a base for the regional pilot modeling approach. We chose one with a rather high export share (the second highest share in 2030 among four); a low price level for fossil energy (lowest of two price paths); and a political scenario corresponding to the Lead Scenario 2009 [17] . Under these assumptions the gross employment impact of wind energy onshore in Germany reaches approximately 165,000 persons in 2030. Due to a rather dynamic development of Germany's exports of wind energy turbines and their components up to about 2020, the expected employment impacts in this period grow outstandingly fast (nearly 5% per anno). Afterwards the export growth rate is expected to slow down considerably with corresponding consequences for the employment impacts of wind energy onshore technology in Germany. New domestic installations also slow down after 2015; most efforts here go into off-shore installations. However, repowering will still be of some importance, also depending on the development of political support for repowering.
Yet what are the consequences for employment impacts on a regional level? Will all of Germany's states gain in the same way? Or are regional differences in the future development to be expected?
As for the status-quo analysis for the year 2009, detailed information from the national study serve as important information for the regional model. Of special interest are the national results for the different components of gross employment impacts. As could be seen from the results of 2009, some states are exceptionally strong in the (direct) production of onshore wind turbines and their components, in others the main employment impacts result from the (indirect) production of intermediate products that are demanded by the wind industry. A third group is characterized by high shares of the installed capacity and therefore an above-average share of employment in the field of operation and maintenance. With this in mind, future differences in the growth dynamics between the components are likely to have an impact on regional employment perspectives.
To assess future developments in model projections, the above presented indicators (e.g., regional shares of installed capacity) have to be available for the coming years. While national values are available in the scenario framework of the national study, further assumptions are necessary on a regional level. For the projections performed in the pilot study, these hypotheses were developed further to generate the distribution of capacity among regions and among wind power systems manufacturers up to 2030. In addition, differences in the export orientation on a regional level were set. These hypotheses and assumptions are tackling the following questions:  Is it likely that the regional distribution of wind turbine manufacturers within Germany will shift in the future? For example, this could be founded in (regional) differences in export orientation.

Is it likely that the regional distribution of installed capacities within Germany will shift in the future? For example, this could be ascribed to (regional) differences in the political environment and in wind energy potentials.
As shown above, the regional shares of national production of good i (together with other parameters) explain the regional shares within the allocation matrices for the localization of indirect employment effects. Therefore, expectations of future differences in regional growth patterns (in a sectoral perspective) are likely to have influence on the regional distribution of indirect employment effects of the RE-technologies.
The production values are subject to the allocation matrices for the localization of indirect employment effects. To calculate the employment induced by this production, regional differences in labor productivity have to be considered. This holds true, not only for the model based calculations for 2009, but also for the projection part, so that the future development of labor productivity from a regional (and sectoral) perspective has to be implemented.
Under these assumptions the regional pilot model for wind energy onshore shows that employment impacts tend to shift from the North and West to the West and South, but all federal states can benefit from the future development. The largest absolute increase in gross employment can be seen in Lower Saxony and North-Rhine Westphalia. The federal states Hesse, Berlin and Baden-Württemberg show the highest relative growth.
Conclusions
The renewable energy industry in Germany employed roughly 400,000 people in 2010. Wind industry contributed nearly 100,000 people to this workforce [5] . Besides the annual provision of national figures, the assessment of regional value-added, generated by the expansion of RE-technologies is a highly important issue, when political measures are discussed on a regional and local level. It provides political actors with information about how the change to a sustainable energy production affects national and regional economies. In this paper, regional employment was analyzed in the context of investment (incl. export of facilities) and operation in wind energy use (onshore). For the estimation of the 16 federal states in Germany both direct employment and indirect employment generated by intermediate demand were taken into account. For the estimation of direct employment related to the manufacturing process, data from a nation-wide survey and other studies was combined. The employment related to the operation of wind energy plants was regionalized according to installed capacities by region and by manufacturers. Confronted with the absence of a complete set of regional input-output tables, a new approach for estimating the distribution of indirect effects is introduced. The allocation model combines empirically based assumptions about intraregional shares of intermediate inputs and interregional flows. By applying them to a detailed structure of goods and services it is highly applicable to additional-demand scenarios with regard to a specialized product like a wind turbine. The results show, that every federal state benefits in terms of additional employment, especially those with capacities for manufacturing wind turbines and its major components. Also gross employment generated in the phase of operation is of importance in Germany (18% of gross employment) and generates jobs in every federal state. This is not the case if one only takes direct effects into consideration. Especially for operation and maintenance, direct employment is very low in several states. Employment directly related to both manufacturing and operation of wind energy onshore is rather concentrated in northern Germany. However, the modeling results for the localization of employment effects, associated to the intermediate demand, show that indirect effects also make regions profit which have a high capacity to deliver the products and services needed for production and operation of wind-mills, and which are located in the neighborhood of the facilities on the different stages of the production process. Indirect effects spread out over the whole country and, although they are not evenly distributed among the regions, one can see that gross employment can greatly benefit also in the federal states in the south of Germany.
The estimation approach for regional indirect effects, takes into account many parameters generated by detailed national and regional data. In general though, there is a deficit in empirical evidence about how regions interact, especially in preliminary inputs. Further research will be channeled into extending datasets and new quantitative analyses to better assess the influencing factors. Besides this, the methods for regional projections need to be developed further. It already becomes apparent, however, that only one "predictable" value is of minor use in this context. Sets of scenarios and assumptions have to be combined to assess possible development paths and ranges of employment impacts.
Regions, which make great efforts to build capacities for energy generated locally, not only can generate value added by more self-sufficiency and fiscal effects, they also generate conditions for new jobs, as operation and maintenance always requires a certain local content.
